INTRODUCTION
Foodborne pathogenic bacteria acquired in the growout houses may remain with poultry carcasses and reside on surfaces despite numerous processing plant intervention strategies that use antimicrobials in spray cabinets and/or antimicrobials added to the chilling systems (Berghaus et al., 2013) . The poultry industry has made continuous strides to reduce or eliminate the use of antibiotics in poultry feed through the improvement of biosecurity programs, the use of vaccines, and the use of feed additives such as organic acids (Sun et al., 2005; Lee et al., 2012; Diarra and Malouin, 2014) . Feed supplemented with organic acids may affect the microbiota of the intestinal tract through targeting the bacterial cytoplasmic membrane thus disrupting metabolic and replication functions of a targeted bacteria, such as the Salmonella enterica species (Denyer and Stewart, 1998; Davidson, 2001) . Though the activity of organic acids is potentially dependent on the physiological status of the targeted organism as well as the surrounding localized alimentary tract environment, the mechanistic activity of organic acids is poorly understood (Ricke, 2003) . Also, what is not understood is what conditions in the growout house and the concentrations of acids and their administration will or will not be effective to facilitate significant reductions in the recovery of Salmonella in fully processed poultry carcasses.
The use of microencapsulated formic and acetic acids in the feed of chicks challenged individually at 5 d decreased the recovery of Salmonella Enteritidis in the ceca by 2.2 log 10 CFU/g when sampled 3 d after challenge, but no differences were detected for the liver and spleen samples (Van Immerseel et al., 2004) . The addition of organic acids (acetic, formic, or lactic) to the drinker lines as an alimentary tract clean-out has been used to decrease the recovery of Salmonella Typhimurium in the broiler's crop (3% positive with acids vs. 17% control) and also lead to a lower Salmonella prevalence on pre-chilled carcasses (15% positive with lactic acid vs. 31% positive control; Byrd et al., 2001) . Acidifying drinking water (Byrd et al., 2001; Byrd et al. 2003; Parker et al., 2007) and adding organic acids in the feed (Hinton and Linton, 1988; Van Immerseel et al., 2005; Cox et al., 1994; Heres et al., 2004) prior to the pre-slaughter feed withdrawal period can also lower Salmonella recovery from poultry carcasses after the feed withdrawal period.
Previous studies have investigated the use of a combination of formic and propionic acid, which was effective against Salmonella without impacting performance (Iba and Berchieri, 1995; Martinez do Vale et al., 2004) . In another study, chicks were fed propionic acid for 4 to 9 d, after which no impact on Salmonella recovery was found (Hume et al., 1993) . Additional previous work has been conducted with formic acid in broiler feeds (Hinton and Linton, 1988) . However, in this work, the feed with formic acid was inoculated with Salmonella and then fed to the chicks.
In many of these previous studies assessing the prevalence of Salmonella, each broiler was inoculated with the Salmonella challenge. In the following experiments, seeder chicks that were inoculated with the marker strain of Salmonella Typhimurium were used to challenge the test pens. The use of seeder chicks allows for an expected lower environmental exposure of penmates to the Salmonella that is being shed by the seeder chicks. This low challenge is intended to simulate commercial-type conditions where only a few chicks are positive for Salmonella, which is then spread by shedding throughout the house.
The objectives of these experiments were to evaluate the impact of adding formic or propionic acid in different concentrations and the lengths of time (entire growout vs. last wk of growout) to the feed or in the drinker water on Salmonella recovery from the environment (pen litter) and ceca (with and without a 12 h feed withdrawal), in addition to monitoring growout performance.
MATERIALS AND METHODS
All feed preparation and broiler housing took place at the University of Georgia Poultry Research Center. All microbiological recovery and analysis was conducted at the USDA-ARS U.S. National Poultry Research Center in the Russell Research Center, Athens, Georgia. The following protocols for 3 experiments were approved by the University of Georgia Animal Care and Use (A2012 02-002-Y2-A0) and the Biosafety (#2012-0011) committees.
Salmonella Inoculum Preparation
The nalidixic acid-resistant marker strain of Salmonella enterica serovar Typhimurium used for all experiments was a natural strain of Salmonella that was selected for increased resistance to nalidixic acid (200 μg/mL), enabling recovery of the marker strain and exclusion of potential environmental Salmonellae. This marker strain was not genetically altered by any recombinant techniques, is non-pathogenic for poultry, and was developed at the Russell Research Center. The marker Salmonella Typhimurium, stored on beads at -80
• C, was grown on plate count agar, suspended in sterile saline at an optical density reading roughly equivalent to 8 log 10 CFU/mL, and then diluted to approximately 4 log 10 CFU/mL for Experiment 1, 7 log 10 CFU/mL for Experiment 2, or 6 log 10 CFU/mL for Experiment 3. To confirm the actual log 10 CFU/mL used to inoculate the seeder chicks, the inoculum was diluted, plated onto plate count agar, and colonies counted.
Experiment 1
Management Pens were prepared following standard procedures and setup for broiler chicks on concrete floors covered with new pine shavings. In 24 pens, 792 male chicks (33/pen, off-sexed broiler breeder Cobb500 line) were weighed and placed at a density of 591 cm 2 /chick, and pens were split between 2 environmentally controlled rooms. Out of 24 pens, 12 were designated as challenge pens and 12 were designated as adjacent nonchallenge pens. A challenge pen was defined as a pen containing inoculated seeder chicks and an adjacent pen was defined as a pen without seeder chicks, next to a pen with seeder chicks. Each pen contained a tube-pan feeder (area 1500 cm 2 ), 7 drinker line nipples, and for the first 7 d of brooding an additional feed tray with feed was provided in each pen. Room temperature profiles followed the Cobb500 line recommendations (Revised April 2012) for broilers. Broilers were fed non-medicated starter, grower, and finisher mash diets with the following 3 treatments; basal control diet, formic acid (Kemira Oyj, Helsinki, Finland) added at 1 kg/ton, or a propionic acid added at 5 kg/ton. The 3 treatments were distributed 4 pens per feeding treatment in the challenge pens and 4 pens per feeding treatment in the adjacent pens. Acids were mixed into the feed in the final step as a spray application prior to bagging without pelleting. The feed was not pelleted to eliminate the impact that pelleting and conditioning would have on the organic acids. All feeding treatments began at placement on d 1. The control diet was used as the basal diet for all treatments, was formulated on a digestible amino acid basis (National Research Council, 1994) , and the composition was based on standard corn and soybean commercial broiler diets.
Salmonella Challenge In experiment 1, 3 seeder chicks were banded in both wings and black-marked on the top of the head, then orally challenged with 0.1 mL of 1.8 × 10 4 cells of Salmonella Typhimurium (marker strain described above) and placed back into the pen in the feed tray to commingle with penmates. The remaining pens in each room, which did not have seeders, were identified as the adjacent pens to the challenge pens on either side. In experiment 1, the seeder birds were removed after wk 3, euthanized, and necropsied to confirm cecal colonization by Salmonella and all were positive.
Salmonella Sampling The litter in each pen was sampled weekly using intermittently stepped on drag swabs as previously described by Buhr et al. (2007) and Kingston (1981) . To each drag swab sample bag 100 mL of 1% buffered peptone water (BPW, Difco, Becton, Dickinson and Co.) was added, the bag agitated by hand, and then incubated at 35
• C for 24 h. Following this overnight pre-enrichment step, 2 10 μL loops of solution were streaked onto brilliant green sulfa agar (BGS, Acumedia, Lansing, MI) containing 200 μg/mL sodium salt hydrate nalidixic acid and plates incubated at 37
• C for 24 h. Plates with colonies characteristic of Salmonella were considered as presumptively positive. A few colonies characteristic of Salmonella were selected and subjected to slide agglutination tests using Salmonella O Antisera for serogroup confirmation (A-I followed by Group B for Salmonella Typhimurium; Becton, Dickinson and Co.). Data were recorded as Salmonella positive or negative.
At wk 3, 3 penmate broilers/pen and at wk 6, 6 fullfed broilers/pen and 6 12 h feed and water withdrawn broilers/pen were euthanized and the ceca were removed aseptically. Both feed and water were withdrawn together by placing the broilers into coops to eliminate litter pecking during the feed withdrawal period and to have both fullfed and feed withdrawn broilers from the same pen sampled on the same day within 15 min. Ceca were macerated and to each bag 1% BPW was added at 3 times the g average weight. Ceca and BPW were stomached (Technar Company, Cincinnati, OH) for 1 min. Two 10 μL loops of solution were streaked onto BGS agar (Acumedia, Lansing, MI) with 200 μg/mL nalidixic acid. Both the plates and samples were incubated at 37
• C for 24 h. When direct plating was negative for Salmonella, plates were streaked again from rinsate that had been enriched for 24 h and the plates incubated at 37
• C for 24 h. To confirm the presence of the marker Salmonella strain, representative suspect colonies were subjected to an agglutination test for the serogroup B.
Performance Initial body weight and initial feed weights were measured at d 0. All weights were obtained on a per pen basis and then calculated per broiler. Weights of the broilers and feed consumption were measured at d 40. Feed conversion ratio was calculated based on the net body weight gain divided by the total amount of feed consumed in each pen (kg) and was adjusted for daily mortality and the removal of seeder chicks at wk 3.
Experiment 2
The objective of experiment 2 was to evaluate the impact of adding propionic acid to the feed and/or formic acid to the drinker water on the recovery of Salmonella in environmentally challenged broilers. In a total of 16 pens, 640 male chicks (40/pen) were weighed and placed into 4 replicate pens for each of the 4 treatment groups in 2 environmentally controlled rooms. On d 1, 2 chicks were challenged with 0.1 mL of 2 × 10 7 cells of marker strain Salmonella Typhimurium. The treatment groups were propionic acid in the feed (2 kg/ton), formic acid in the water (1.0 mL/L), propionic acid in the feed (2 kg/ton) and formic acid water (1.0 mL/L), and no acid added to either the feed or water as a control. All feed treatments were added during feed preparation as described for experiment 1. Unlike experiment 1, in experiment 2 seeder chicks were placed into all 16 pens and the seeder chicks were removed after 1 wk, euthanized, necropsied, and ceca confirmed to be colonized with Salmonella (all were positive). Broiler weights by pen and feed consumption were obtained at 6 wk and was adjusted for daily mortality and the removal of seeder chicks at wk 1.
Salmonella Sampling Similar to experiment 1, the litter was sampled weekly using stepped-on drag swabs and results are reported for both direct plating and following 24 h enrichment to provide low to high estimates of the level of Salmonella recovered from the litter. The ceca from 10 fullfed penmates/pen were sampled at wk 3 and at 6. An additional group of 10 penmate broilers were euthanized and sampled from each pen after a 12 h feed and water withdrawal at wk 6.
Experiment 3
The objective of experiment 3 was to test different concentrations of organic acids (formic or propionic) and to determine if either could be used as a 1-wk finishing feed supplement during the final wk of growout. In a total of 21 pens, 693 male chicks (33/pen) were weighed and placed with 3 replicate pens between 2 environmentally controlled rooms. The following 7 feed treatments: formic acid at 2 concentrations (4 or 6 kg/ton) given only during wk 5 to 6 (35 to 42 d) or continuously from d 1 through wk 6, propionic acid at 2 concentrations (5 or 10 kg/ton) given only during wk 5 to 6, and a non-supplemented control. All feed treatments were added during feed preparation as described for experiment 1. On the day of placement, 2 chicks were orally challenged with 0.1 mL of 1.0 × 10 6 cells 1 Feed acid supplements were provided in the feed on day of placement thru 6 wk.
2 Challenge pens contained 3 seeder chicks for 3 wk and all had Salmonella-positive ceca at wk 3; Adjacent pens did not have seeders and were located between 2 challenge pens.
3 Number of Salmonella-positive pens after sample pre-enrichment of the number of pens sampled per treatment.
marker Salmonella Typhimurium, and were placed into each pen. Seeder chicks were removed after 1 wk, euthanized, necropsied, and prevalence of Salmonella in the ceca was confirmed (all were positive). Broiler weights by pen and feed consumption were obtained after 6 wk and was adjusted for daily mortality and the removal of seeder chicks at wk 1.
Salmonella Sampling Litter was sampled using the intermittently stepped on drag swabs, as described previously, at wk 3, 5, and 6. A total of 10 penmate broiler ceca per pen were sampled at wk 6 as previously described in experiments 1 and 2. Five broilers per pen were euthanized and sampled after a feed and water withdrawal for 12 h and 5 broilers per pen were sampled fullfed. Salmonella recovery and isolation was as described for experiment 1.
Statistics In experiment 1, there was no significant room effect so data for the 2 rooms was combined. For the litter and ceca, a Chi-square and Fishers Exact tests were used to detect differences in Salmonella recovery between the control and each treatment pen. For the ceca, this also included within each treatment for each wk of collection. The performance data and feed conversion ratio was analyzed using a One-Way ANOVA to evaluate differences between the control and treatments and means were separated by Tukey's Honestly Significant Difference test. Data were analyzed using SAS statistical software (SAS, Cary, NC).
RESULTS AND DISCUSSION

Experiment 1 -Formic or Propionic Acid in Feed
In experiment 1, Salmonella was recovered from all 12 challenge pens every wk with ISODS litter sampling (Table 1) . For the adjacent nonchallenge pens, the inclusion of formic or propionic acid was able to reduce litter Salmonella to undetectable levels by 5 wk.
However, at 6 wk Salmonella was detected in 1/4 pens. For the control fed group half or more pens remained positive for the entire growout period. In broiler flocks, Salmonella typically peaks around 3 wk of age and then begins to diminish thereafter (Gradel et al., 2002; Wilson et al., 2016) . In this experiment, all pen litter remained Salmonella positive with enrichment, indicating that leaving the 3 seeder chicks in the pens for 3 wk may have led to too high of a challenge. In order to successfully assess the impact of feeding treatments on Salmonella prevalence in a research setting, environmental challenge levels need to be low enough that all treatments are not overwhelmed by a high challenge. Environmental challenge levels also need to be high enough to detect positive samples.
The inclusion of both challenge and adjacent pens in experiment 1 was done to assess whether there would be any differences in feed added organic acid efficacy between high (challenged) vs. low (adjacent) challenge pens. When all feeding treatments were combined, there were no significant differences between challenge and adjacent pens for litter Salmonella prevalence at 1 through 4 wks. However, at both 5 and 6 wk, adjacent pens (3/12) had significantly lower Salmonella prevalence than challenged pens (12/12). Even though most of the adjacent pens were positive for Salmonella from wk 1 through 4 it is expected that the levels of Salmonella in the challenge pens would have been higher due to the direct shedding by chicks in the challenge pens. The levels of Salmonella in the adjacent pens was likely lower than the challenge pens because the Salmonella had to be transferred from the challenged pens by vectors such as litter, fluff, dust, and feathers. It is also possible that the seeder chicks or challenge pen penmates defecated through the fence dividing the pens, thereby directly transferring Salmonella into the adjacent pen.
No significant differences in the prevalence of Salmonella in broiler ceca between feeding treatments were observed. The ceca of all challenged seeder chicks in all challenge pens were determined to be Salmonellapositive at wk 3 and penmate broilers in the control diet challenge pens were also all positive at wk 3, (11/11, Table 2, one sample was inadvertently lost). At wk 3, 83% of the penmate ceca (10/12) in the formic acid fed challenge pens, and 92% of the penmate ceca (11/12) in the propionic acid fed pens were Salmonellapositive confirming environmental Salmonella challenge was successful in all pens. It was expected that all seeder broilers would be Salmonella positive because each of these chicks had been directly inoculated. However, the inclusion of organic acids was not able to significantly decrease colonization of Salmonella from penmate broilers. In the adjacent pens, the ceca from only one broiler from the control group was Salmonella positive for all broilers sampled. The lower prevalence of Salmonella in the adjacent pen broiler ceca further indicates that the broilers in the adjacent pens may have been exposed to lower levels of Salmonella. Feed acid supplements were provided in the feed on day of placement thru 6 wk. 2 Challenge pens contained 3 seeder chicks for 3 wk and all had Salmonella-positive ceca at wk 3; adjacent pens did not have seeders and were located between 2 challenge pens.
3 Number of Salmonella-positive ceca samples of the number of broilers sampled, number in parentheses are percentages.
No significant differences in Salmonella-positive ceca among treatments sampled fullfed or following feed withdrawal P > 0.05.
* Significantly (P < 0.05) fewer Salmonella-positive ceca in adjacent compared to challenge pens within treatments. #Significantly (P < 0.05) fewer Salmonella-positive ceca in the challenge pens at wk 6 than wk 3.
The application of the feed and water withdrawal period at wk 6 did not significantly affect the cecal recovery of Salmonella (P > 0.05) among broilers fed the 3 diets from either challenge or adjacent pens. Previous work has demonstrated that with feed and water withdrawal the microflora are shifted within the broiler crop due to changes in crop pH (Hinton et al., 2000a) . During feed withdrawal, the levels of lactic acid bacteria decrease due to the emptying of feed from the crop. The decrease in lactic acid bacteria leads to less lactic acid production, which then leads to an increase in crop pH. This increase in crop pH is a more hospitable environment for the growth of Salmonella and can lead to higher levels of Salmonella contamination in the crop (Hinton et al., 2000a) . Although Salmonella levels in the crop can be impacted by feed withdrawal, no differences were observed in ceca Salmonella prevalence in the current study. These results agree with the results observed by Hinton et al. (2000b) , in which feed withdrawal either with or without access to water did not impact Salmonella levels in the ceca. Therefore, data from fullfed and feed and water withdrawn broilers were combined. The combined Salmonella recovery in the adjacent pens was significantly lower than the challenged pens at 4% for control, 6% for propionic acid, and zero for the formic acid fed pens and did not differ among feed treatments. The lower cecal Salmonella prevalence found in the adjacent pens further demonstrates the significant impact of environment Salmonella levels on colonization.
When Salmonella prevalence was compared between ceca sampled at 3 wk vs. 6 wk, broiler ceca from pens that were challenged had significantly lower Salmonella prevalence at 6 wk. There were no significant differences between wk 3 and wk 6 in the adjacent pens due to the low prevalence (0% to 8%) at both sampling time points. In broiler flocks, Salmonella typically peaks around 3 wk of age and then begins to diminish thereafter (Gradel et al., 2002; Wilson et al., 2016) . This same decrease in Salmonella prevalence is confirmed in this study.
Final body weight (2.285 kg) did not differ among the feed treatments (P = 0.6894), however feed consumption was higher (4.8 vs. 4.4 kg) and feed conversion ratio was poorer (2.10 vs. 1.94) for all challenged pens (Table 3) . It is unknown why a significant effect was observed for feed consumption and feed conversion ratio. Typically, the inclusion of an environmental Salmonella challenge does not influence final body weight, feed consumption, or feed conversion ratio (Wilson et al., 2016) . Broiler performance data were collected to confirm that the addition of organic acids did not severely impact broiler weight and feed conversion in the numbers of broilers utilized. However, further investigation with greater sample sizes is necessary to confirm any possible impacts with regards to broiler performance.
Experiment 2 -Formic Acid in Water and/or Propionic Acid in Feed
In experiment 2, both litter and ceca samples were analyzed for Salmonella prior to (direct) and following sample incubation (enriched). This method of Salmonella analysis allowed for the identification of low vs. high levels of Salmonella present in the samples. It is estimated that samples that were positive with direct plating had greater than 10 2 cells/mL of Salmonella while samples that were positive only after enrichment had less than 10 2 cells/mL of Salmonella. Additionally, only 2 seeder chicks were added to each pen and these chicks were removed at 2 wk (vs. 3 chicks for 3 wk in Experiment 1) in order to decrease the environmental Salmonella challenge in each pen. Feeding treatments were adjusted from 5 kg/ton in Experiment Table 4 . Litter Salmonella recovery from pen for broilers exposed to Salmonella challenged seeder chicks for 1 wk and provided formic acid in the feed or water or both, experiment 2. 1 Feed acid or water supplements were provided in the feed on day of placement thru 6 wk and all seeder chicks had Salmonella-positive ceca at wk 1.
2 Number Salmonella-positive pens of the number of pens sampled per treatment.
3 Direct positive plating >10 2 cells/mL of initial diluent, (Enriched) positive plating includes direct plating <10 2 cells/mL of initial diluent plus direct values.
1 to 2 kg/ton in Experiment 2 because of the appearance of a depressed feed intake at 21 d at the 5 kg/ton level. A new treatment (formic acid in water) was added to examine an alternate method to introduce an organic acid to the broilers. In preliminary work (not reported) it was determined that adding propionic acid to the drinking water led to aversion from the broilers, therefore, this treatment group was not used.
There were no significant differences between feeding treatment on the prevalence of litter Salmonella (Table 4) . Salmonella was recovered from litter in all pens by direct plating for wk 1 and 2, and following enrichment for wk 3 to 6. After wk 3, the prevalence of Salmonella detected in the litter decreased to 0 to 1 positive pens per treatment with the formic acid in the water treatment completely negative. These results indicate that the environmental Salmonella challenge level was low for the control as well as the treatment pens (low or negative by direct plating) but did not completely eliminate the presence of Salmonella in the litter (all positive following enrichment).
These results also indicate that the seeder chick Salmonella environmental inoculation protocol was successful in presenting penmate chicks with exposure to low levels of Salmonella from the environment. This is similar to what would be seen within the commercial industry where most chicks arrive at the farm Salmonella negative, but are then exposed to Salmonella either from the environment or from a few Salmonella positive housemates . With the removal of the seeder chicks from all pens at wk 1 and direct plating, samples resulted in 43/64 negative litter pen samples from wk 3 to 6. The lower prevalence of Salmonella positive samples with direct plating vs. enrichment indicates that the levels of Salmonella in the pens were relatively low. Also in experiment 2, the seeder chicks were removed after 1 wk instead of after 3 wk in an effort to lower the environmental challenge from Salmonella shedding by the seeder chicks. The application of 2 Salmonella inoculated seeder chicks for 1 wk in a 1.95 m 2 pen was a successful method for the simulation of a low level of environmental litter Salmonella challenge for broiler penmates.
The ceca of all challenged seeder chicks in all pens were Salmonella-positive when sampled at wk 1. There were no significant differences in Salmonella prevalence from feeding treatments at either wk 3 or wk 6. At wk 3 the ceca from penmate chicks were 40 to 62% Salmonella-positive when direct plated and significantly (P < 0.05) increased to 80 to 90% Salmonellapositive when plated following enrichment (Table 5) . At wk 6, there were no positive ceca samples from direct plating indicating a general decrease in the levels of Salmonella found in the ceca from 3 to 6 wk of age. As was oberserved in Experiment 1, at wk 6 following enrichment, there were no significant differences in ceca Salmonella prevalence between fullfed and feed and Feed or water acid supplements were provided in the feed on day of placement thru 6 wk, and all seeder chicks had Salmonella-positive ceca at wk 1.
2 Week of collection when fullfed or after feed and water withdrawal for 12 h. 3 Recovery following direct positive plating (>10 2 cells/mL of initial diluent), recovery following enriched plating includes direct plating (<10 2 cells/mL of initial diluent plus direct values). 4 All direct samples at 6 wk were negative for Salmonella and not presented in the table. 5 Number of Salmonella-positive ceca samples of the number of broilers sampled, number in parentheses are percentages. * The Salmonella-positive ceca at wk 3 were significantly increased following enrichment for all treatments. # The percentage of Salmonella-positive ceca at wk 6 was significantly less than at wk 3 for all treatments. water withdrawn broilers. The combined Salmonella recovery for fullfed and feed/water withdrawn broilers was 60% for control fed broilers, 50% for broilers provided formic acid in the water, 42% for broilers fed propionic acid in the feed, and 35% for broilers fed propionic acid in the feed and formic acid in the water. While there were no significant differences between feeding treatments, the propionic acid in the feed and formic acid in the water was approaching significance at (P = 0.0938). A significant difference may have been detected with a larger scale sample size and should be considered for future studies. As was observed in experiment 1, the percentage Salmonella-positive ceca at wk 6 was significantly less than at wk 3 for all treatments, further demonstrating the decrease of Salmonella from 3 to 6 wks. Final body weight was higher for the control and propionic acid fed broilers (2.77 and 2.74 kg) compared to the formic acid added to the water (2.36 kg) or propionic acid in the feed plus formic acid in the water (2.40 kg; Table 6 ). However, in experiment 2, feed consumption and feed conversion ratio did not differ among broilers in the acid supplemented pens and the control pens (P = 0.1052 and 0.1886). These results imply that providing formic acid in the water at 1 mL/L the entire 6 wk growout period significantly depressed final body weight. Previous data indicate that restricting water intake will significantly decrease weight gain (Viola et al., 2009 ). There were no significant differences in feed consumption or conversion ratio to explain the lower final body weight, but a change in water consumption may have impacted body weight. However, water consumption was not measured in these experiments. Additionally, further investigation with greater sample sizes is necessary to confirm any possible impacts with regards to broiler performance.
Experiment 3 -Levels of Formic or Propionic Acid in Feed
In experiment 3, an additional treatment type of feeding an organic acid for only the final wk of growout was investigated. Due to space constraints, final wk feeding Table 7 . Percentage Salmonella-positive litter (direct and enriched) for broilers exposed to challenged seeder chicks for 1 wk and fed acid supplemented feed for 6 or 1 wk, experiment 3. Formic Acid (4 kg/ton) 0 to 6 2/3 3/3 0/3 1/3 0/3 1/3 5 to 6 1/3 3/3 0/3 2/3 0/3 2/3
Formic Acid (6 kg/ton) 0 to 6 1/3 3/3 0/3 2/3 0/3 1/3 5 to 6 1/3 3/3 1/3 3/3 0/3 2/3
Propionic Acid (5 kg/ton) 5 to 6 1/3 3/3 0/3 3/3 0/3 1/3
Propionic Acid (10 kg/ton) 5 to 6 3/3 3/3 0/3 3/3 0/3 1/3
1 Feed acid supplements provided in the feed on day of placement (0 to 6 wk) or only during wk 5 to 6, and all seeder chicks had Salmonella-positive ceca at wk 1.
2 Number Salmonella-positive pens of number of pens sampled per treatment. No significant differences in Salmonella-positive litter among treatments sampled at 3, 5, or 6 wk P > 0.05. 1 Feed acid supplements provided in feed on day of placement (0 to 6 wk) or only during wk 5 to 6, and all seeder chicks had Salmonella-positive ceca at wk 1.
2 Number of Salmonella-positive ceca samples of the number of broilers sampled, number in parentheses are percentages. No significant differences in Salmonella-positive ceca among treatments sampled fullfed or following feed withdrawal P > 0.05. was applied to both organic acids (formic and propionic) at 2 levels and entire trial feeding was only revisited for the formic acid treatment. Propionic acid was applied at the higher levels (compared to Experiment 2) because there was no depression of feed intake observed at 5 kg/ton in the final 3 wk of growout (Experiment 1). The feeding treatments had no significant effects on litter Salmonella recovery. Salmonella was recovered from the litter following sample enrichment from all of the 21 pens at 3 wk (Table 7) , but not at wk 5 and 6. At wk 5 after enrichment, the pens that were to be fed formic or propionic acid were either 2/3 pens Salmonella-positive (formic acid 4 kg/ton) for 3/3 pens Salmonella positive (all remaining organic acid treatments). At wk 6, all treatments and the control had either 1 or 2/3 litter samples positive for Salmonella. While feeding treatment had no effect on litter Salmonella recovery, the same trend as in previous experiments in decreasing recovery was seen over time between 3, 5, and 6 wk. Additionally, the goal of providing a low environmental Salmonella challenge level was achieved.
The ceca of all seeder chicks in all pens were Salmonella-positive when sampled at wk 1 (Table 8) .
As with experiments 1 and 2, no significant differences were observed between fullfed and feed/water withdrawn broiler ceca Salmonella. When feeding a microbiological intervention (e.g., organic acids) for the entire growout period, the goal is to provide that intervention to the chicks immediately upon placement (in the feed). The intervention is then present within the chick in order to prevent the colonization of Salmonella when that chick is later exposed, such as through environmental Table 9 . Body weight, feed consumption, and feed conversion ratio calculated for broilers fed organic acids supplemented feed acid supplemented feed for 6 or 1 wk, experiment 3. 1 Feed acid supplements provided in feed on day of placement (0 to 6 wk) or only during wk 5 to 6, and all seeder chicks had Salmonella-positive ceca at wk 1.
A-C Means within a column with different superscripts differ significantly, P < 0.05.
or housemate exposure. A cleanout intervention is designed to remove or aid in the flushing of Salmonella from the alimentary system after colonization has already occurred. However, in this study there were no significant differences between feeding treatments either fed for the entire growout or as a final wk cleanout.
Final body weight at the end of the 6 wk growout did not differ among the formic acid fed broilers at (4 or 6 kg/ton) for all 6 wk (2.58 and 2.63 kg, Table 9 ) or broilers fed just the last wk of growout (2.70 and 2.67 kg). Broilers fed propionic acid at 5 or 10 kg/ton for only the last wk attained significantly (P = 0.0278) lower final body weights (2.60 and 2.47 kg) than the formic acid 4 or 6 kg/ton for only the last wk, but did not differ from the control fed broilers (2.43 kg) or broilers fed formic acid (4 or 6 kg/ton) for all 6 wk. Feed consumption was highest for the formic acid (4 and 6 kg/ton) fed broilers and the propionic acid fed broilers at 5 kg/ton for only the last wk of growout. Lower feed consumption was detected for control, formic acid (4 and 6 kg/ton) for the entire growout and for the propionic acid 10 kg/ton fed the last wk. Broilers fed formic acid at 6 kg/ton had intermediate feed consumption. Feed conversion ratio was significantly improved (P < 0.009; 1.60 to 1.64) for the control and the formic acid fed broilers (for both 4 and 6 kg/ton) for the entire 6 wk trial. All of the broilers fed acid for only the last wk had significantly poorer feed conversion ratio (1.87 to 1.97) mainly due to higher feed intake than the control or broilers fed acid the entire growout. As with the previous experiments, further investigation with greater sample sizes is necessary to confirm any possible impacts with regards to broiler performance.
Overall Conclusions
The results from these experiments indicate adding formic or propionic acid in the feed and/or water at the tested levels did not significantly impact the recovery of Salmonella in the litter or in environmentally challenged broiler ceca. Data from these studies do demonstrate the decrease in Salmonella prevalence in both broiler litter and ceca over time. Additionally, the broiler research pen challenge method of adding 2 seeder chicks per 1.95 m 2 was ideal for exposing broiler penmates to low levels of environmental Salmonella for feeding treatment challenge experiments.
